The San Francisco Volcanic Field lies near the southern edge of the Colorado Plateau in northcentral Arizona, and is dominated by an extensive Pinyon-Juniper woodland. During 2004 and 2005, a floristic inventory vouchered 487 taxa from 74 families and 268 genera, including eight species endemic to Arizona. The Asteraceae, Poaceae, Fabaceae, Brassicaceae, and Scrophulariaceae comprised 51% of the total flora. Eriogonum, Muhlenbergia, Penstemon, Aristida, Astragalus, and Cryptantha were the best represented genera. Nonnative taxa accounted for ten percent of the total flora. Cryptantha minima and Suckleya suckleyana were vouchered as new records for Arizona.
Arizona displays the third highest diversity of vascular plants in the United States with over 3,500 known taxa; however, it is also the fifth most ''at-risk'' state with over 15% of its plant species at risk of extinction due to rarity or habitat loss (Stein 2002) . While many floristic inventories document vascular plant diversity around the state, no vascular plant inventory exists for the lower San Francisco Volcanic Field (SFVF), an expansive Pinyon-Juniper woodland in north-central Arizona (Moore and Cole 2004) . Inventories in adjacent areas have been primarily restricted to National Park Service units and scenic landscapes such as deep canyons or mountain peaks (e.g., McDougall & Haskell 1960; Joyce 1976; Hazen 1978; Schilling 1980; Kierstead 1981; Gilbert and Licher 2005; Moir 2006) . Pinyon-Juniper woodlands have often been overlooked or ignored during the creation of inventories, and thus the relatively vast lower SFVF represents a significant gap in floristic knowledge.
The SFVF lies at the convergence of several biotic communities, in the middle of a large elevational gradient, and at the junction of several known physiographic and floristic zones; and was therefore anticipated to have a high diversity of vascular plants (Brown and Lowe 1980; McLaughlin 1992) . Cinder ecosystems resulting from the recent Sunset Crater volcanic eruption are also known to host several edaphically-limited, rare, and endemic plants (AGFD 2005a, b, c) .
The distributions of Pinyon-Juniper woodlands, and potentially the understory species associated with this community type, have varied historically with changing climate variables (Betancourt et al. 1990 ). Shifts in vegetation distributions due to global climate change, especially in semiarid environments and at ecotones, are a definite possibility in upcoming years (Allen and Breshears 1998). The ecophysiographic nature of the lower SFVF (it encompasses a woodland community in a semi-arid climate, and has a widespread ecotonal component) lends greater urgency to a floristic assessment of the area. The findings from this study will provide a benchmark of local floristic diversity and serve as a basis for future comparisons.
Study Area
The SFVF lies near the southern edge of the Colorado Plateau physiographic province in north-central Arizona; south-central Coconino County (Bailey et al. 1994; Bailey 1998) . The lower SFVF, and synonymously the study area, was defined as the contiguous Pinus edulis/ Juniperus monosperma dominated portion of the SFVF. It is elevationally bound by montane coniferous forests above and grasslands below (Brown and Lowe 1980) . Inclusions of other vegetation on north-facing slopes, drainages, canyons, or unusual microsites were also included as part of the study area.
The study area lies between 35u109470 and 35u419300 latitude and between 2111u21930 and 2112u109120 longitude, and encompasses approximately 1134 km 2 (Fig. 1 ). Elevations range from 1700 to 2400 m; however, approximately 84% of the study area falls between 1829 and 2134 m. Roughly 73% of the study area lies within the Coconino and Kaibab National Forests, while the remainder occurs on essentially undeveloped private (16%) and State (11%) land. Approximately 70 widely-spaced cinder cones dot the MADROÑ O, Vol. 55, No. 1, pp. 1-14, 2008 otherwise flat plateau of the lower SFVF. The study area lacks major river systems, bodies of water or streams, and perennial water is essentially absent. Biotic communities are solely restricted to Great Basin Conifer Woodlands with several small inclusions of Petran Montane Conifer Forests and Desert Grasslands at anomalous sites (Brown and Lowe 1980) . The SFVF sits near the junction of the Colorado Plateau and Apachian floristic areas (McLaughlin 1989) .
The lower SFVF has a semi-arid climate and receives approximately 38 cm of precipitation annually; however, precipitation can vary dramatically, often ranging between 25 and 65 cm from year to year (Bailey et al. 1994; Bailey 1998; WRCC 2005 The SFVF was created by at least seven major eruptive events, and is one of the major basaltic volcanic fields of the Colorado Plateau (Cooley 1962; Tanaka et al. 1986) . It includes over 600 Pliocene, Pleistocene, and Holocene volcanic vents, volcanoes, and cinder cones, and their associated sheet deposits and lava flows (Tanaka et al. 1986 ). Local basaltic volcanism began roughly six millions yrs ago and has occurred continuously for the past three million yrs (Moore et al. 1976) . Paleomagnetic data, Potassium-Argon dating, and thorough field mapping, suggest that substrates of the SFVF range from less than one-thousand yrs old at the eastern edge of the volcanic field to over six-million yrs old at the southwestern edge of the volcanic field, only 100 km away (Tanaka et al. 1986; Moore and Wolfe 1987; Wolfe et al. 1987) Due to its volcanic history, igneous rocks and their associated soils are the dominant substrates of the SFVF. Basaltic rocks, cinders, and lava from the Holocene to Middle Pliocene cover about 80% of the of the study area. Quaternary alluviums (3.5%), Holocene to Middle Pliocene rhyolites and andesites (3%), Pleistocene alluviums (2%), and Permian sandstone and limestone (11%) comprise the additional surficial geology (Richard et al. 2000) . KS). Voucher specimens were pressed, dried, mounted, and deposited in the Deaver Herbarium (ASC) at Northern Arizona University following typical protocols (Weber 1976 Digital searches of the ASC, ASU, ARIZ, DBG, and NAVA herbaria based upon all of the place names within the study area (gleaned from United States Geological Survey 7.59 Quadrangle maps) were conducted via the Southwestern Environmental Information Network's query tools (SEINet 2005) . A geographical extraction based upon georeferenced specimens from the ASU and ARIZ herbaria was also conducted.
METHODS
Various species richness estimates for the study area were determined in an attempt to access the completeness of the inventory. Nonparametric estimators, functional extrapolation, and predictive regressions were used due to ease of implementation and compatibility with previously gathered data. Species occurrences in twenty randomly selected 0.25 Ha plots were used to input the statistical models. Longino et al. (2002) provide a discussion of the merits of various species richness estimation techniques.
RESULTS
A total of 873 plant collections were made during two field seasons, representing 456 distinct taxa. Herbaria searches revealed an additional 31 taxa, thus the inventory identified 487 taxa from the lower SFVF. This inventory vouchered 313 previously uncollected taxa, representing a 280% increase in the documented flora of the lower SFVF. Seventeen taxa represented by historical collections were not encountered in the field during this survey. (These taxa are indicated by an abundance classification of ''0'' in Appendix A.) This absence may suggest that these species are locally uncommon; as approximately one-third reach the extent of their ranges near the SFVF, and another one-third lack much suitable habitat in the SFVF. On average it has been 25 yrs since one of these species was collected from the SFVF, perhaps because these species simply no longer occur or have decreased in abundance locally. Fourteen additional common taxa were encountered in the field but were not collected due to documentation by extant herbarium collections. These taxa are indicated with a pound sign (#) in Appendix A. The annotated catalog gives the scientific name, life form, abundance, habitat, and a list of voucher collections for each vascular plant of the lower SFVF (Appendix A).
Seventy-four (74) families, 268 genera, 479 species, and 8 infraspecific taxa were vouchered from within the study area (Table 1) . The Asteraceae (97 taxa), Poaceae (76 taxa), Fabaceae (33 taxa), Brassicaceae (22 taxa), Scrophulariaceae (20 taxa), and Polygonaceae (18 taxa) were the best represented families. The five most species-rich families comprised approximately 51% of the flora, while 28 families were represented by a single taxon. Eriogonum (12 taxa), Muhlenbergia (10 taxa), Bromus (8 taxa), Penstemon (8 taxa), Aristida (7 taxa), and Astragalus (7 taxa) were the best represented genera. Perennial and annual herbs accounted for 79% of the total flora; while trees, biennial herbs, and annual graminoids accounted for only 12%.
A total of 49 non-native plant species comprised 10% of the total flora. The Poaceae (12 taxa), Asteraceae (9 taxa), Brassicaceae (5 taxa), Chenopodiaceae (3 taxa), and Fabaceae (3 taxa) represented the most common non-native families. Non-native species were most commonly annual (54%) or perennial herbs (25%). This inventory vouchered 38 new non-native taxa from the lower SFVF. Populus alba was the only escaped horticultural species that was discovered. Salsola tragus, Marrubium vulgare, Bromus tectorum, and Thinopyrum intermedium seemed to be the most widespread non-natives; while Carduus nutans, Centaurea diffusa, and Sisymbrium altissimum seemed to have the highest potential for displacing native vegetation. This inventory vouchered seven species which are endemic to Coconino and adjacent counties (Penstemon clutei, Mentzelia collomiae, Phemeranthus validulus, Chrysothamnus molestus, Phlox amabilis, Lotus mearnsii var. mearnsi, and Ivesia multifoliolata); and Rorippa microtitis which is endemic to Arizona. Phacelia serrata, and Camissonia gouldii are nearly endemic to Arizona, but also occur in similar barren cinder habitats in New Mexico and Utah, respectively.
Overall species richness estimates suggest that approximately 250-300 species of vascular plants occur within the lower SFVF (Table 2) .
DISCUSSION
The underestimation of actual species richness of the lower SFVF by several techniques (Table 2) probably results from habitat patchiness, and illustrates some of the differences in habitat dynamics between the Southwest and Eastern hardwood forests (where several of the richness estimate techniques originated). While the landscape of the lower SFVF is quite homogeneous as a whole, small landscape anomalies host disproportionate numbers of plant species. For example, a single small spring or wetland encompasses an infinitesimal portion of the study area, but (as with Law's Natural Tank in the case of this inventory) might host 10 species (or 2% of the total flora) found nowhere else within the study area. While 20 sample plots used for the richness estimation analysis were randomly selected, the vast majority occurred on flat, open slopes and represented the most homogeneous portions of the local landscape. Statistically-driven techniques seemed to estimate the overall species richness fairly accurately for the homogeneous portions of the landscape, however as a result of habitat patchiness and random plot selection, they failed to take into account localized habitats of high plant diversity.
Another approach to estimating the completeness of a flora is to apply one's data to a regression based upon similar checklists. In western floras, species diversity is strongly positively-correlated with the elevational range of a study area. Greater ranges of elevation host a wider degree of precipitation and temperature regimes, as well as greater topographic heterogeneity, and thus a greater variety of habitats and microhabitats (Bowers and McLaughlin 1996) . Using the findings from 24 floras from Arizona and New Mexico, Bowers and McLaughlin (1996) regressed the number of native species found within an area by its elevational range and created a predictive tool for estimating inventory completeness in the Southwest. The lower SFVF has an elevational range of approximately 700 m (although over 85% of the study area actually occurs within a 350 m range), and based on the predictive tool of Bowers and McLaughlin (1996) is expected to harbor roughly 450 native plant species. This inventory vouchered 440 native plant taxa, which is over 95% of the 450 taxa expected. Areas with a high diversity of community types, canyon environments, permanent water, and a high degree of topographic roughness typically harbor additional plant species than the regression would indicate, while more homogeneous areas typically harbor fewer species (Bowers and McLaughlin 1982; Bennet and Kunzmann 1992; Bowers and McLaughlin 1996) . This again suggests the floristic inventory of the lower SFVF is relatively complete as it has a single community type, lacks any major canyon environments or permanent water, and displays a high level of topographic homogeneity.
The most emblematic species of the lower SFVF, Phacelia serrata, Camissonia gouldii, Penstemon clutei, and Mentzelia collomiae, are soil endemics that inhabit barren cinder ecosystems mostly associated with the Sunset Crater eruption. The eruption of Sunset Crater roughly 900 yrs ago has left a barren, moon-like landscape devoid of much vegetation or any true soil (Wolfe et al. 1983) . Little research has been done on the evolutionary history of these species, but environmental stochasticity followed by subsequent speciation events provides a likely hypothesis for their origin. Restrictive structural components of the cinders and the associated lack of competition, as opposed to nuances of soil chemistry, seem to influence local endemism in the lower SFVF (see Kelso et al. 2003) .
Phacelia serrata and C. gouldii are annuals that germinate after summer rains. Precipitation patterns and the presence of somewhat undisturbed, large expanses of fine-textured, barren cinders seem to influence population dynamics. Populations of both species are fairly common within a restricted local range and are seemingly secure. A cursory comparison of Arizona material of C. gouldii to Utah material, suggests subspecific variation between the geographically separated populations and warrants further inquiry.
P. clutei, a perennial species, occurs in similar habitats of fine-to-medium textured barren black cinders, and seemingly disturbance and fire regimes influence population dynamics (AGFD 2005b) . Unchecked off-road-vehicle traffic poses the greatest threats to populations of these species. The narrowly restricted M. collomiae is perhaps the most fascinating of the local endemics. It occurs only within the lower SFVF and populations are uncommon, sporadic, and consist of only several plants. The plant was only recently described, is under-researched, and seems to be untracked by conservation agencies (Christy 1997; see NatureServe 2005). It inhabits medium to coarse-textured, oxidized red cinders, on moderate to steep sloughing slopes, in the vicinity of Red Mountain and Sunset Crater. Although the species was described as an annual, it is seemingly a biennial with a stout taproot, which often diverges at right angles from the stem. This taproot confers a degree of stability to the plant, on the shifting, sloughing slopes which preclude the establishment of other species. This unique plant certainly deserves additional research and monitoring. The presence of appropriate habitat seems to be the primary limitation to the health and distribution of the species, and no human impacts on the populations were observed.
In addition to the volcanic endemics, Phemeranthus validulus and Panicum mohavense were found on a single limestone bench at the northern edge of the SFVF. Phemeranthus validulus is intolerant of competition but can inhabit a variety of substrates. While populations are known from Yavapai and Coconino counties, the collection from this inventory represents a new, intermediate locality for the plant (AGFD 2005d). Only several plants were seen, and this species is seemingly very uncommon locally. The critically imperiled (G1/S1) P. mohavense was previously known only from Mohave Co., AZ, and from a single small population in Socorro Co., NM that has not been relocated in over 15 yrs (NatureServe 2005; NMRPTC 2005 ). This species is a diminutive annual, and active grazing within its narrow local habitat could threaten the species. Chrysothamnus molestus, Phlox amabilis, and Lotus mearnsii var. mearnsii are also endemic to northern Arizona. These species grow in a variety of soil types and habitats throughout a several-county range, and seem somewhat tolerant of competition. They occur at lower elevations within the SFVF, and perhaps can only persist in somewhat xeric climatic regimes. Potentially this group of endemics represents a relictual component of a past flora. C. molestus occurs on the northern edge of the volcanic field in shrub-dominated openings of the surrounding woodlands. Some synergistic qualities of open, low-lying habitats within Pinyon-Juniper woodlands seem to influence its distribution. P. amabilis occurs primarily on the western side of the volcanic field in fine-textured clay soils with some interspersed rock. This perennial flowers very early in the season, perhaps as a temporallybased strategy to cope with infraspecific competition. Within the study area, the high levels of early season soil moisture associated with claybased soils, combined with the structural nuances of shallow rocky soil, seem to influence the distribution of P. amabilis. L. mearnsii var. mearnsii prefers fine-textured to sandy soils on flat, open slopes. It occurs, mostly singly or in small groups, in small patches of open soil at lower elevations. It is unclear what influences the distribution of this species, however the minimal sizes of populations suggest specific recruitment or pollination requirements.
Ivesia multifoliolata and Rorippa microtitis, also Arizona endemics, are found in wet habitats within the lower SFVF. These species are typically found in either higher or wetter areas. I. multifoliolata grows in rocky drainage bottoms, while R. microtitis prefers moist or wet soils near ponds, fields, or meadows. These species seem secure regionally, albeit quite restricted within the lower SFVF.
CONCLUSION
This inventory has contributed significantly to the floristic knowledge of the San Francisco Volcanic Field by vouchering 313 new records from the study area, and through the contribution of 873 collections to the Deaver Herbarium. These collections provide both a snapshot of the flora at a time of potentially intensified climate change, and also support future botanical and ecological research. This inventory gathered crucial data on the area's rare and endemic plants, which will hopefully to be used in conservation decisions by management agencies. This flora, in conjunction with the flora of the higher elevation San Francisco Peaks (Moir 2006) (USDA 2005) . Life form descriptions include: annual (A), biennial (B), perennial (P), shrub (S), and tree (T). Abundance classifications and habitat descriptions are subjective observations and pertain only to the lower SFVF. The abundance classifications: dominant or codominant (1), frequent (2), occasional (3), infrequent (4), very infrequent (5), and unseen, but previously vouchered from within the study area (0), follow Palmer et al. (1995) . Habitat descriptions include: barren soil (BS), barren black cinders (BBC), canyons (CA), cinders (CI), cliffs (CL), cindery soil (CS), disturbed areas (DA), ditches (DI), drainages (DR), flat open slopes (FOS), fine-textured soil (FTS), high elevations (HE), low elevations (LE), mesic areas (MA), north-facing slopes (NFS), rocky areas (RA) roadsides (RO), sandy areas (SA), steep slopes (SS), sedimentary soils (SSO), tanks (TA), ubiquitous (UB), various habitats (VH), and wet areas (WA). All specimens were collected by the author, and are deposited at the Deaver Herbarium (ASC) unless otherwise noted. Taxon entries include: an asterisk (*) to indicate non-native, a pound sign (#) to indicate documentation from a previous herbarium collection, scientific name with authority, life form code, abundance code, general habitat descriptions, pertinent notes, and a list of voucher collections. 
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